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€ NOCAEOVIOWUM CO30aHUEM MHOSONAPAMEMPUYECKOU YUCTEeHHOU MOOeTU MHO203JIeMEeHMHOU AHMEHHOU PeuenmKuy.
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AHMeHH NOKA3ANU 603MONCHOCb UX CYUWECMBEHHO20 YIIVUUEHUA NymeM CO30aHUs HEOOHOPOOHBIX AHMEHHBIX PEUEMOK 0Y206biX
wenell pasuvix Onun. Iloouepkusaemcs HeoOX0OUMOCHb YHema 63auUMHbIX C6:3etl MedCOy UTYUAMENAMU 8 KOAKCUANbHO-Ujele-
801l cucmeme.

Kitro4eBbie CITOBa: KOaKCUanbias Iunus, 0y208as Weib, OUAzpamMMa HaARPAGLeHHOCIU, AMRAUMYOHO-(ha3060e pacnpeoeienue,
KO3hPuyuenm usnyuenus, KosQpuyueHm ompadxcenus, 83auMHble Ce:3u

1. Beenenue HUTEIbHO HU3KOH cTOMMOCThIO. HecmoTpst Ha 6011b-
10€ 4YucCJIio pa60T, IMOCBAIICHHBIX U3JIyYarollluM Ka-
OeJsiM, B M3BECTHOW HaM JINTeparype OTCYTCTBYET
JIETAIbHBIN aHAIU3 AIEKTPOAMHAMUYECKIX XapaKTe-
PUCTHUK TAKUX KOAKCUAJIbHO-1LIEIEBBIX AaHTEHH. 3a]1a-
4a 00 M3ITy9eHUH U3 CHCTEMBI IIIEJIeH B SKpaHe Koak-
CHAJIbHOM JIMHUU SIBJISIETCSI MHOTOITAPaMETPUYECKOH,
W MHOTHE BOTPOCHI, CBS3aHHBIE C OCOOCHHOCTIMU
W3JIYyYEHHS U C MPAKTUUYECKON peain3alneii aHTeH-

KoakcuanbHO-1IeIeBbIe aHTEHHBI B BHJIE CHCTEM
1enen B 9KpaHax KOaKCUaIbHbIX TUHUN — TaK Ha3bl-
BaeMble M3JIydYaromue KaOean — MHUPOKO IpUMe-
HSIOTCS B CAMBIX pa3HOOOPA3HBIX 00JIACTAX HAYKH U
TeXHUKH. VICIIonb3yIoT aHTEHHBI TIOJOOHOTO THTIA B
MOOWIIHHOM, COTOBOM, TICHIXKUHTOBOH CBSI3H, B pagap-
HBIX ycTaHOBKax [1-5]. Ocoboe mMecTo 3aHMMAaIOT
HCCIIEAOBAHMSI, TPOBOIUMEIE C TIOMOIIBIO U3ITyJar0-

muX Kabesed B Mmenunuae 1 onojoruu [6]. B mocie-
JTHUE TOABI HaOMIomaeTcsl OypHOE pa3BUTHE CPEIICTB
TIOJIBM>KHOM PaJIMOCBSI3U, PAJUOCBA3H CIICIIHATBHOTO
HA3HAYCHUS B MECTaX, 00JIa Jat0IIUX ONPEIeIICHHOM
CrieIM(HKON: B METPOIIOIUTEHAX, TPAHCTIOPTHBIX TOH-
HEJISIX, TTOI3EMHBIX TOPTOBBIX MeHTpax [S]. beicTpo
Pa3BUBAIOTCSl KOPIIOPATHBHBIE CETH B TOM YHUCIIE Ha
TEPPHUTOPUSX TPOMBINIICHHBIX U CIICIIHATHHBIX KOM-
TUIEKCOB, TPEJICTABISIONINX COO0H CHIBHO DKpaHU-
POBaHHBIE COOPYKEHUSI IPOU3BOICTBEHHOT0, CITYKe0-
HOTO W HHOTO Ha3Ha4YeHus. Bo Bcex mepevnciieHHbIX
ClIydasix caMbIMU 3(PQPEKTUBHBIMU aHTCHHAMU SIB-
JIAIOTCS M3Mydaronue kabemu, Tak Kak OHU o0ia-
JIAFOT PSZIOM PEUMYIIECTB: TPOCTOTOH BO30YKIACHHS
OOJIBIIIOTO KOJIMYECTBa M3Tydareliel, OTCYTCTBHEM
BBICTYTIAIOIIUX YaCTeH, MaIbIMU Ta0apUTaMH U CPaB-
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HBIX PEIIETOK C TapaMeTpaMu, OJTM3KUMH K OIITUMAJTb-
HBIM, HE MPEACTaBICHbI B TUTEPATYPE.

Lenpro HacTOAmEH pabOTHI SIBISIETCS HCCIENO-
BaHHE DHEPTETUIECKUX KOI(PPUITNESHTORB W HAIIPAB-
JICHHBIX CBOMCTB MHOTO3JIEMEHTHON aHTEHHOU pe-
IIETKU B BUJIE CUCTEMBI TIOTIEPEYHBIX TYTOBBIX IIE-
Jied, PacmoJ0XEHHBIX B 3KpaHE KOAKCHAJIbHOU
JINHUY, U3YYCHUE BIHUSHUS Pa3MEpPOB U3IydaTeneit
Y TapaMeTPOB KOAKCHATBHBIX JINHUH Ha dJIEKTPOIH-
HaMHAYeCKHe XapaKTepucTUKu aHTeHH. lIpemcras-
JIEHHAs! CTaThsl SABJSAETCS MPOAODKEHHEM psiaa pa-
00T aBTOPOB MO U3YUYCHHIO KOAKCHABLHO-IIEIEeBBIX
aHTeHH [7, §8].

2. ITocTaHoBKka 3axa4m

B macTostmelt pabote METOJ0M MarHUTOABHKYIIIAX
cun (MJIC) [9] uccmenyroTcst SIEKTPOAMHAMHUIEC-
KM€ XapaKTepUCTHKH cucteM u3 N y3kux (d <A,

ISSN 1027-9636. Paouogpusuxa u padouoacmpornomus. T. 21, Ne 4, 2016



Mnoeosnemenmmuole cucmemol 0yeoeblx meﬂed 6 JKpaHe KOAKCUAbHOU JTUHUU

d/1<0.1, A — NIMHA BOJIHEI) IIOTIEPEYHBIX JYTOBBIX

mejaeid pa3Holl MO OTHOWIEHUIO KO BHEIIHEMY
epuMeTpy L KOaKCHUaTbHOU JIMHUH JUTUHBI [ ¥ TITH-
puHbl d. M3nydarenn mpope3aroTcs Ha pa3INdHbIX
paccrosHUSIX D, mpyr ot apyra B O6CKOHEYHO TOH-
KHX ¥ UJI€THHO TIPOBOAIINX SKPaHaX OECKOHEUHBIX
KOAKCHAIILHBIX JIMHUW C PA3TUYHBIMHU 3HAUYECHUSMHU
pailyCoB BHYTPEHHUX U BHELITHUX NIPOBOIHHUKOB @,
¥ @, COOTBETCTBEHHO (puc. 1). Obnacts BHYTPH (u-
aepa (V') 3amonHeHa JUAICKTPUKOM 0e3 MOTeph C
JMBJIEKTPHYECKOH TIPOHUIIaeMOCThIO €' . TIpocTpaH-
cTBO BHE ¢uaepa (v°) B 00LIeM cirydae 3al0HEHO
HEeHJICATbHBIM IUJICKTPUKOM C OTHOCHUTEIILHOMN AND-
JICKTPUYECKOI MPOHUIIAEMOCTHIO €°.

PaccMoTpuM BO30YKI€HHE CHCTEMBI MOIEpEY-

HBIX TyTOBBIX IIEEH JUIMHBI [ < L, pacloyIoKEHHbIX
Ha [WINHJIPUYECKOM TOBEPXHOCTH. ICTOUHUKH OIS
HaxonsATcs BHYTpH dunepa. [lenn, Bo30yxnaembie
STHUMH HCTOYHUKAMH, H3ITyJalOT AIEKTPOMArHUTHBIE
BOJTHBI BO BHEIITHEE TIPOCTPAHCTBO U U3MEHSIOT ITOJIe
B KOAKCHAJIbHOM JTUHUU. JJI1 HAXOXKAECHUS KacaTeib-
HOIl COCTABIIAIONIEH IEKTPHUECKOTO BekTopa £ B
LIEJIIX BOCIOJIB3YEMCS YCIIOBUEM HENPEPBIBHOCTH
MAruuTHBIX COCTAaBJIAIOIIHNX IIOJIA Ha MOBCPXHOCTHU
LIETIEH:
H{E} = HAE} = H, M
e H (E}, H' {E} — ToJ, BOSGY)KI[aeMI)Ie TIeIIsI-
MU B o6nacmx V¢ ¥ V' COOTBETCTBEHHO; H 9 _none
MCTOYHHKOB; E — MCKOMas KacaTelbHas COCTaB-
JISFOIIAs ANEKTPUUECKOTO OIS B PACKPhIBE MHOTO-
LIEIEBON AHTEHHBI.

Jns pemennst ypaBuenus (1) mpumeHnM MeTof

l'anepkuHa, T. €. Mo HAa IOBEPXHOCTU CHUCTEMBI
Lene IpecTaBuM B BHJIE psja:

Puc. 1. TeomeTpust cUCTEMBI
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rae E, — 3ajaHHbIC HA [OBEPXHOCTAX LIEICH JIH-
HEHHO-HE3aBUCHMBbIE BEKTOP-(YHKIMH, YIOBIETBO-
psroIMe Ha KOHTYPE ILeJIN KPaeBbIM yCIIOBHUSIM (CO0-
CTBEHHBIE (DYHKIIMHU OTBEPCTHUSA); V. — HEU3BECTHBIE
KOMIUIEKCHBIE aMIUTATY/IBI; S — HOMED I ; p — HO-
Mep COOCTBEHHOU (hYHKITUH OTBEPCTHS.

[Tocine HEKOTOPHIX MpeoOpa3oBaHUNA TOIYUHM
CHUCTeMY aJIreOpanvecKuX YpaBHEHUH OTHOCUTEINb-

HO V),

M N
ZZVPSYP‘{J’S :F‘I”’ (3)

q=1,2,3,.. M, r=1,23,.,N,

re N — KOM4€eCTBO Lieneid; M — KOIMYEeCTBO allpoK-
cuMupyroumx Bekrop-pynkumis; ¥, =Y, +Y, -
coOCTBEHHBIE TIPH p =¢, =S5, B3aUMHBIE IO Tap-
MOHUKaM IpU p # ¢, » =S5 U B3aUMHBIC 10 LICIAM
MIpU ¥ # S YaCTUYHBIE IPOBOAUMOCTH p-U U g-11 rap-
MOHUK (DYHKIIMH pacnpeiesicHus MeXIy r-i u s-i

LIEJIBIO,

o} |os: @)

NXATE ®

MarHATONBUXKYyIas cuna; ds =7ds; 7 —equHUYHAS
HOPMaJTh K MOBEPXHOCTH IIEIHU §, HAIIPABICHHASL
BHYTpb 00JacTH Vv°.

Takum oOpazom, ans pemeHus cucrtemMsl (3) u,
CJIe0BaTENbHO, HAXOXKICHHS MOJII B PacKpbIBe
aHTEHHHI (2) HEOOXOAMMO OTIPECIUTh B SBHOM BH-
Jie BHYTPCHHUE qu s W BHEWHHWE Y = dacThd-
HbI€ MPOBOJUMOCTH, a TAK)K€ MarHUTOIBUXKYIIUE
cunel F,.

B Takoii mocTaHOBKe 3aJlauyMl CHUCTEMa JIyTrOBBIX
meneid MoXXeT BO30Y)KIaThCs JTIOOBIM THUIIOM BOII-
HBI (B TOM YHCJIE W BBICIIUM), KOTOPBINA OyaeT pac-
MPOCTPAHATHCS B KOAKCHaIbHOM JIMHUU. Eciu cuc-
TeMa BO30yXJaeTcsi OCHOBHOW BOJIHOW (7-THII),
TOT/Ja pacnpeaesIeHre Mo BAOIb OJUHOYHON TyTo-
BOU 1menu OylaeT CUMMETPUYHBIM OTHOCHUTEIHHO
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LIEHTpa IIEIN BCIEACTBHE LIEHTPAIbHOW CHMMET-
PpHUU CTPYKTYPBI OIS BOJIHBI 7-TUIIA, YTO IIO3BOISLET
COKpAaTUTh KOJIMYECTBO MCIOJb3YEMBIX apMOHUK
¢ynkuuu pacnpenenenus. [IpoenenHsle panee uc-
CIEIOBaHMs TOKAa3alH, 4TO IJIs ONMUCAHUS OIS
OJIMHOYHOM IIeJTH B BEIpQXKEHUH (2) ZOCTaTOYHO OT-
PaHUYHUTHCS OJHON BEeKTOP-(QYHKIMEH TS TyTOBOM
e [10]:

= 1 u
E =70— =1,
=z cos(nl] (6)

rae zZ° — eIMHNYHBIN OPT, HAIPABJICHHBIH MOIEpeK
IeINN; U — KPUBOJIMHEHAS KOOPMHATA, HATIPABJICH-
Has BJOJb 1ienu. [Ipu Takom BIOOpe cOOCTBEHHBIX
¢bynxunit kospduruent ¥, B (2) u (3) npuobperaer
CMBICJ aMIUIUTYAbl HAIIPSDKEHUS Ha e (31ech U
Jlajiee MHIEKCHI, YKa3hIBAIOIINEe HOMEpa TapMOHHUK,
OITYIIICHBI).

BrIpaxkeHusi, ONMCHIBAIOLINE BHYTPEHHUE U BHE-
ITHUE, COOCTBEHHBIE W B3aUMHBIE MPOBOIUMOCTH
IEeNIEBBIX U3TydaTesei, a TAKKe MarHUTOABIDKYIIIHE
CHWJIBI B CIy4yae Kak O€CKOHEYHOH, TaK U MOIyOeCKO-
HEYHON KOAKCHUAJIbHBIX JIMHUM B SIBHOM BUJIE€ TIPEA-
CTaBJIeHHI B paborax [7, 8].

OmnpenenuB COOCTBEHHBIE 1 B3AUMHBIE ITPOBOJIH-
MOCTH IIEJICBBIX M3JTydaTelIel U MarHUTOIBHIKYIIIUC
cwibl 1o hopmynam (4), (5) ¢ yuerom (6) u pemnius
CHUCTEeMy ypaBHeHHH (3), HaiimeM 3HaUYEHUS KOMII-
JIEKCHBIX aMIUTUTYJ TIOJI HA TIOBEPXHOCTSIX MIeTeit
V. — T. e. aMIIIUTYHO-(a30BO€ paclperesieHue B
packpeiBe aHTeHHbI (ADP). ITonmyunB ADP koak-
CHAJILHO-TIIEJICBOM CUCTEMBI, HaiieM K03 DHIHeH-

2
, OTPaKEHHS |S11| U Iuarpam-

TBI M3ITy9IEHUS |S2
My HaIIPaBICHHOCTU CHCTeMBbI u3iydarened F,(0)
(ZnarpaMMa HampaBJIEHHOCTH OAMHOYHOH IIEIH HE
YUUTBHIBAJIACh) B IIOCKOCTU E (IIJIOCKOCTH, COAEp-
JKamas ocb aHTEHHBI, IPUYEM yTroa 6 OTCUYUTHI-
BA€TCsI OT HOPMAJIM) COIVIACHO BBIPA)KEHUSIM:

1 N
Sll = __zVsta
4 s=1
2 1 N N .
[S: =S ReD D VY, (7)
r=l s=1
N o .
Fvc(e) — Z Vsejkz5 sm(e). (8)
s=1
300

Taxkum oOpasomM, mpeacTaBicHHas B paboTe Me-
TOAMKA TIO3BOJISIET PEIINTh BHYTPEHHIOIO M BHEII-
HIOIO 331a9M KOaKCHaJIbHO-ILENEeBON aHTEHHOH pe-
metku. OnpeneNuB coracHo BeipaxkeHusM (2)—(5)
A®P V', B packpbIBE aHTE€HHBI, MOKHO HATH 3IIEK-
TPOMArHUTHEIE TIOJS Ha JIIOOBIX PACCTOSHHUSX OT
CHUCTEMEI M3ITyJaresiel, T. €. B ONIKHEH, IPOMexy-
TOYHOH U B JalibHel 30Hax. Hampumep, B 3aiauax,
B KOTOPBIX HIEIU MPOPE3a0TCAd B CBEPXMHUHHA-
TIOPHBIX KaOesix, HCIONb3yeMbIX B JIeUeOHOH TH-
[IEPTEPMUH, MUKPOBOJIHOBOM KOAryJIIIUOHHON Tepa-
nuu [6], cienyeT onpeneisTh 3IEKTPOMarHuTHOE
roJie B OIKHEH 30HE, Ha PACCTOSIHUSAX MHOTO MEHb-
mux A. [lonms B OMIDKHEH 30HE WUMEIOT MEPBOCTE-
MIEHHOE 3Ha4YeHHE U B CIy4yae UCIOIb30BaHMS KOaK-
CHAJIBHO-IIIEJIEBBIX AHTEHH B TYHHEISX, IAXTaX, IS
pPaaroCBA3M B METPOIIONIUTEHE U T. A. [S]. B panap-
HBIX yCTaHOBKax, cuctemax tuna LEO-MSAT [1, 2]
He00XO0IUMO U3ydaTh JANBHIOI0 30HY aHTEHHBI.

3. IlonyyeHHble pe3yabTaThl M UX AHAJINU3

[pu pazpaboTke M000I aHTEHHOM CHCTEMBI Ha KOA (-
(OULIMEHTHI U3TyYeHUs] K OTPa)KEHUs], a TAKKE Ha JThar-
paMMy HalpaBJIEHHOCTH HAKJIaAbIBAIOTCS OIpe-
neneHHble TpeOoBaHUs, a UMEHHO: KOd(DPUITMEHT
U3JIy4eHUs AOJKEH OBITh 1OCTAaTOYHO BBICOKHM
(0osbiie yem 0.8), a k03D PULIHEHT OTPAKSHHS — MU~
HUMAaJIbHO BO3MOXHBIM. [Ipu 3TOoM nuarpamma Ha-
MIPaBIEHHOCTH aHTEHHOMN pEIeTKH JI0JKHA UMETh
OTIPENENICHHYIO IIMPHUHY [IABHOIO JIETIECTKA 10 YPOB-
Hio 0.707 1 Manblii YpOBEHb OOKOBBIX JICTIECTKOB.
Brimonaerme >THX TpeOOBaHUI MO3BOJIAECT CO3ATh
AHTEHHBI C IpUeMIIeMbIMH K03 huIeHTaMn HarpaB-
JIEHHOT'O IEMCTBUA U YCUIICHUSI.

B HacTosimieli paboTe ObUIM HCCIIEIOBAHbI 3JIEK-
TPOJMHAMHUYECKHE XapaKTEPUCTUKN aHTEHH B BHJIE
PELIETOK U3 NPOU3BOJIBHBIX M0 AJUHE Y3KHX IOIIe-
PEUHBIX OYTOBBIX ILENEH, MPOPE3aHHBIX B HKPaHAX
KOAKCHAJIbHBIX JTUHUHM Pa3HBIX MOTEPEYHbIX pa3Me-
POB, 3aIOJIHEHHBIX TUAIEKTPUKAaMHU, OTHOCUTEIbHBIE
JTUDIEKTPUUECKHE MTPOHUIIAEMOCTH KOTOPBIX HM3Me-
HAJUCh. BappupoBannch pacCTOSHUS MEXKIY U3IY-
yarelsaMu D, .

H3meHeHne MJIMH AYTOBBIX IIEIEH MO3BOJISIET
CO3/1aBaTh aHTEHHbIE PELIETKU C Pa3INYHbIMU BU-
namu ADP, T. e. ynpaBnare ¢opMol AMAarpaMMBI
HATIPABIEHHOCTH B IIOCKOCTH BekTopa E. OTme-
THM, YTO JAyTOBas IIENb 00JIaaeT HalpaBIeHHOC-
ThIO B IUIOCKOCTH BeKTopa H.
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KoakcuanbHble TUHUU ¢ pa3IUYHBIMU 3HAYCHUS-
MU PaguyCoB g, U d, UMEIOT Pa3JIn4YHbIE IOTOHHbIE
3aryxanms o, [11] comtacHO BBIpaKCHUIO

l+a,/q

az\/alg(az/fﬁ) ’

o=0.1724 )

I1e ¢ — MPOBOAMMOCTH METajjia MPOBOJAHUKOB KO-
AKCUAJIBHOM JIMHUU. BUIIHO, 4TO ¢ yBEJIHYECHUEM
BHEIIIHETO PaJiyca KOaKCHaIbHON JIMHUU IIOTOHHOE
3aTyXxaHUe YMEHBIIAeTCsl U, CIeIOBATENbHO, KOd(]-
(ULMEHT yCHIIeHHs KOAKCHATTbHO-1IETIeBOI aHTEHHBI
OyleT yBEeITUINUBAThHCA.

Bce uccnemoBanust sHepreTudeckux Kodpdu-
[UEHTOB W HANPAaBJICHHBIX CBOWCTB MPOBOJMIKCH
B LIMPOKOM AMAana3oHe JJIUH BOJH.

N3y4nM xapakTepUCTHKH HEPE30HAHCHBIX MHO-
rO3JEMEHTHBIX KOAKCHAJIbHO-IIEJIEBBIX PEIIETOK
Ha MpUMEpe CHUCTEM JYyTOBBIX IIENIe B dKpaHax
JBYX KOAKCHAJbHBIX JIMHUHI C COITACOBAHHBIMHU Ha-
Irpy3KaMH C Pa3HBIMH pa3MepaMu: a, =2.5 MM,

1S5’ 141
r ~
\
0.75 - ||
i
0.50 N
:n
1l
0.25 | |l\\
by |,r\
0 /\N/-$_
50 75 100 125 A, MM
a
v,°

270

180

a,=12 mm (puzep 1) u a, =8 mm, a, =20.65 mm
(punep 2).

OTHOCHUTENBHBIE TUAIEKTPUIECKHE IIPOHUIIAEMO-
CTH JAMIJIEKTPUKOB, 3aMOJIHAIOIINX BHYTPEHHUE U
BHEIIHUE 00bEMBbI KOAKCHAJIBHBIX JINHUN, ObUIN paB-
uel € =1.23, 2 m ° =1, 2. PasMeps! IyroBhIX Tile-
neit usmensanucs ot /=0.3L no /=0.8L. Komuue-
cTBO mienel oputo pasao N =10, 20, 30.

Ha puc. 2, a mpencraBieHbl 3aBUCHIMOCTH KO-
¢unmenToB u3nyueHus (7) 1 orpaxkeHus (Kpusbie 1
1 2 COOTBETCTBEHHO) OT AJIMHBI BOJHBI 11 KOAKCH-
AJIbHO-LIEJIEBOM AHTEHHBI, BBITIOJHEHHOW HA IEPBOM
¢unepe. JJnuHpl 1yroBoIx meneil ObUTH OANHAKOBBI-
MU " paBHBIMH [ =0.5L =37.7 mm. lllupuna menein
paBHsNACh d =3 MM, pacCTOSHUE MEXAY IENSMU —
D =40 mM. OTHOCHUTENBHBIE JUAIEKTPUYECKUE IPO-
HUIIAEMOCTH ObLTH BHIOpanb! £ =2 u £ = 1. Bee pac-
YeThl SHEPreTHUeCKUX Ko3Q(UIIMEHTOB ObLIH MpOBe-
JIEHbI C YYETOM B3aUMHBIX CBSI3€H 110 BHYTPEHHEMY
U BHEIIHEMY IpOCTpaHcTBaM. BHOHO, 4TO 3aBHCH-

2 .
MOCTH |Sz| = f(A) HOCAT pe30HAHCHBIH XapakTep

dod
<
-

—60

0
-90

0,°

Puc. 2. DHepreTH4ecKHe XapaKTePUCTHUKH (@), aMILTUTYIHbIE (6) 1 (azoBbIe (6) pacripeiesieHUst U IMarpaMMbl HAIIPaBICHHOCTH (2)
IIeIEBOI aHTEHHBI, BHINOIHEHHOH Ha puzepe 1, / =0.5L =37.7 MM
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(puc. 2, a), KoTOpEIi onpezensercs IByMs (akTopa-
MM, a UMEHHO PE30HAHCHOM JUIMHOW TyTOBOM 1€ U
CBOMCTBaMHU pemIeTKH, 00yCIOBIEHHBIMU PACCTOS-
HUeM Mexay usnydarensimu D_. Ilpu nnunax

BOJH A =56.4 MMmu A =112.8 MM (lz2DZ\/§/n,
n=1,2,3,...) HaOmogaeTcsa yMeHbIIeHHE KO-
¢dunrenTa U3Ty4eHus |SE|2 U CYyLIECTBEHHOE yBe-
AnYeHne KodPPHULIMEHTa OTPaKESHUS |SH|. To ectb

npu A=564 MM u A=112.8 MM BOJHBI, OTpa-
JKEHHBIE OT BCEX M3JIydaTelieil, CKIIaJbIBAlOTCS CHH-

. 2
(dazno. Ha rpadukax 3aBucumMocTeit |S2| =f(A) u
|SH|= f()) BoLmenvM obnactu ¢ KodhdUIMEeHTaMK

U3JIy4eHUs |Sz |2 >0.8 u orpaxkeHus |SH|S 02 u
paccuntaeM aMIUIMTyaHbIE (pUc. 2, 6) U ¢a3oBbIe
(puc. 2, 8) pacupeneneHus s IJIHH BOJIH A = 65,
72, 80 mM (xkpuBsie 1, 2 u 3). [To nomydenasiMm ADP
COIVIACHO BBIPaXXEHUIO (8) OBUIM paccUMTaHbI AUAT-
pamMMBbl HampaBiieHHOCTH (puc. 2, 2). [Ipu A = 65 MM
JrarpaMma HarpasIeHHOCTH OPUEHTHPOBAHA IO yT-
aoM O=15° T. e. ee MaKCUMYM PacCIOJIOKEH J0C-
TAaTOYHO OJIN3KO K HOPMAaly aHTEHHBI. AMIUIUTYI-
HO€ paclpeAeIeHne He3HAUUTEIbHO YObIBAaeT BJOMb
AHTCHHBI. YPOBEHb NEPBOTO OOKOBOIO JEMECTKa
Egox = 0.22.

IIpu A =80 MM aMIIMTyOHOE paclnperesieHue
CTAaHOBMTCS PE3KO CIAJAIONIIUM K KOHI[Y aHTEHHBI
U IuarpaMMa HallpaBJIeHHOCTHU pacIlupseTcs, “3am-
JIBIBAIOT HYJIM M BO3PACTAIOT YPOBHU OOKOBBIX JIe-
MECTKOB. JTO CBSI3aHO C TEM, 4YTO pabodvas AJIHHA
BOJIHBI, HA KOTOPOH pacCUnTHIBAIACH AUATPaMMa Ha-
IIPaBJIEHHOCTH, OJIM3Ka K PE30HAHCHOM JUTHHE BOJIHBI
OTIENBHOTO M3Jy4aTens paBHOW A, =88 mM.
W3BecTHO, 9TO pe30HAHCHBIE LyTOBBIE IETTH UMEIOT
BBICOKUH K03()(DUIIMEHT U3IIyueHHs], YTO IPUBOIUT
K 3HAUUTEIILHOMY YOBIBaHHIO aMILTHTY/bI TIOJISt BIOJb
meneBoit pemetku (puc. 2, 6, kpubas 3). OTcrona
CJIEZlyeT, YTO B Cllydyae CO3[JaHMsl HEePE30HAHCHOU
MHOTO3JI€MEHTHOM KOAKCHAJILHO-IIIEJIEBOM aHTECHHBI
HE cJiefyeT IPUMEHATh PEe30HAHCHBIE LLIEIH.

OTMeTHM eme OaHy OCOOCHHOCTh 3aBHCHUMOC-
TeH, NpUBEIEHHBIX Ha puc. 2, a. IIpu 1yinHe BOIHBI
A =064 MM HaOmIOmaeTcs CKadKooOpa3HOE yMEHb-
nieHne Ko QUIHMeHTa U3IydYeHUs. DTO CBSI3aHO C
TEeM, YTO B KOAKCHAIbHOM JIMHUM HA 3TOH JUTHHE BOJIHBI
BO3HUKaeT BoJHa BbIcuero Tuna H,,. Takum obpa-
30M, IpU A = 64 MM PEKUM paboThl KOAKCUATBHOM
JIMHAY CTAHOBUTCS MHOTOMOJIOBBIM. Tak Kak B pa-
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00Te mpeanonaranaoch Bo30yXICHHUE LIeJIe OCHOB-
HOM BOJHOW TuUna 7 ¥ HE UCCIEIOBAIUCH SBICHUS
peoOpa3oBaHus BOJIHBI TUNA 7 B BOJHBI BBICIIAX
TUIIOB, PE3YJBTAaThl PACYETOB B 00NIaCTH A < 64 MM
MOXXHO paccMaTpHUBaTh KaK HEIOCTATOYHO JOCTO-
BepHbIe. OTMETHM, YTO NPUMEHsIEMasi HAMHU METO-
JIMKa TIO3BOJISIET PAcCUMTATh MapaMeTphl CHCTEMBI
1 B CITy9ae MHOTOMOJIOBBIX PEKUMOB B KOAKCHAIIh-
HBIX JIMHHSAX, HO B HACTOAMIEH paboTe Takas 3ajada
HE paccMaTpUBaeTCH.

B pabGote [4] mpencTaBieHBl XapaKTEPUCTUKHU
KOAKCHAJIbHO-IIIEJIEBOMl aHTEHHBI C TEMH K€ Hapa-
MeTpamMu (umepa W pasMepaMu ImIeNed, 4TO U y
AHTEHHBI, DJHEPTCTHUCCKUE U aMIUTUTYTHO-(a30BbIC
XapaKTePUCTHUKA KOTOPOU MPHUBEACHBI Ha pHC. 2.
CrnemyeT OTMETHUTH, YTO ITO OJIHA M3 HEMHOTHX
paboT, B KOTOPOH MPHUBEACHBI DIEKTPOTUHAMU-
YeCKHe XapaKTePUCTUKH KOAKCHATbHO-IIIEJIEBON aH-
TeHHbI. TakuM 00pa3oM, Mbl KIMEEM BO3MOXHOCTh
CPaBHHTD TMOJyYEHHBIE HAMHU PE3yJbTaThl C aHAJIO-
TUYHBIMH PE3yJbTaTaMH, MPEACTABICHHBIMA B pa-
oote [4]. KoadduimeHTsl U3i1y4eHus, pacCUnTaH-
HbIe ¢ ioMotsio Metona MJIC (kpusas 1) u mpen-
cTaBieHHbIe B pabore [4] (kpuBas 2), MpUBEAECHBI
Ha puc. 3. Crnegyer OTMETUTh, YTO B aHTEHHE, HC-
ClIeTOBaHHOM B paboTe [4], TOMIMHA BHEIITHETO MPO-
BOJHMKA KOAKCHAJbHON JTUHWUW ObLTa paBHA 3 MM.
B nacrosmieii paboTe ToNIIMHA SKpaHa mpenoara-
Jach OECKOHEYHO Majol, O3TOMY JJIsl y4ueTa TOJI-

2
IIMHBI CTEHKH TIPU pacyeTe |SE| = f(\) Hamu GbuTa

BBCACHA J3KBUBAJICHTHAasA HIMPHUHA OIS COIJIAaCHO
Tt

dbopmyne d,, = d—e 2 [11],tne t =3 MM — TOI-
ne

2
S5l

0.751

0.50+

0.254

50 75 100 125 A, MM

Puc. 3. CpaBHeHue 3aBUCUMOCTEH K03(h(HUIMEHTA U3ITyUYSHUS
OT JUIMHBI BOJIHBI, TIOJIY9€HHBIX IIpH mToMomu metoxa MJIC
(xpuBast 1) ¥ JaHHBIX, IPECTABICHHBIX B paboTe [4] (kpuBas 2)
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LIMHA BHEITHETO MPOBOJHHUKA KOAKCHATLHOMN JINHUH,
HCIIOIB30BAHHOTO B [4]. DTO MO3BOJIMIIO CPABHHUTH
MOJyYEeHHBIE PE3yNbTaThl (pHc. 3) U cllenaTh BBIBO-
JIbl O JIOCTOBEPHOCTH ¥ MPABHIBHOCTH UCIIOJIB3Yye-
MO METOAMKH M WCCIIEAOBAHHN, PEACTaBICHHBIX
B HacTosIIeH padoTe.

VYrpaBnenue cpenHell pabodeil JUIMHOM BOJNHEI B
KOAaKCHAJIbHO-IIIEJIEBOM aHTEHHE U CO3JaHue OJHO-
MOJIOBOI'O PexuMa B (uaepe BO3MOXKHO C IIOMO-
LIbI0 U3MEHEHUS UIMH U3Ny4aTeied U pacCTOSHUM
MeXJy HUMH. Paccunraem 3IeKTpOJWHAMHYECKHE
XapaKTEepUCTUKH CUCTEMBI IyroBbIX ILIelell ¢ mapa-
merpamu /=60 MM, d =3 MM, D, =55 MM (pu-
nep 1). Ha puc. 4, a mpencraBiaeHbl 3aBUCUMOCTH
|Sz|2 = f(A) (xpuBbie 1-3) u |S11|=f(7\.) (xpu-
Boie 1'—3') mms perrerok, cocrosimmx w3 N =10,
20, 30 mene#i coorBercTBeHHO. Ha puc. 4, 6 n300-
paXeHBI JUarpamMMbl HaIlpaBICHHOCTH Npu A =90,
100, 110 MM (kpuBbIe 1—3 COOTBETCTBEHHO) IS CITy-
yag N =20. /luama3oH IJUH BOJH C KOdPdu-
LUEHTaMH |S2|2 =20.8,

Si | <0.25 cmemnraercs B UIMH-
HOBOJIHOBYIO 00J1acTh, IPHYEM C POCTOM KOJIHYe-
CTBa HM3NydaTejel Bo3pacTaeT KOdhPHUITUECHT H3-
Jy4eHHsI B KOPOTKOBOJHOBOM €ro 4acTH IpPHU Ipak-
TUYECKH HEM3MEHHOM KOX(PQHUIIMEHTE OTpakeHHSI.
Pacmupenune nuarpaMMbl HanpaBJICHHOCTH IPH
A =110 MM BBI3BaHO OTKJIOHEHHEM MaKCHUMyMa
JarpaMMbl HAIIPABJICHHOCTH OT HOPMAJIU U CHIIBHO
CIIaIaroNuM (¢ HEKOTOPBIMH OCITHJUISIIMSMH) aMIT-
JUTYOHBIM PacHpeAesieHneM, a TaKXKe JTOCTaTOYHO
CJIOKHBIM (Da30BBIM pacHpeiesIeHUEM B aHTEHHOU
pewetke. IToguepkHeM, 4TO XapakTep M3MEHEHHS
aMIUTUTYABI ¥ Qa3bl MO B PACKPHIBE B 3HAYUTEIb-
HOH cTerieHn 0OyCJIOBIIEH B3aWMOJIEHCTBHEM MEXK-
Iy M3JIydaTeNsiM B MHOTORJIEMEHTHOH aHTEHHE.

BzaumonelicTBue MexIy WIEIAMA MOXKET HE TOJIb-
KO IIPMBECTH K PaCHIMPEHHUIO [JIABHOIO JIENIECTKA Anar-
paMMBbl HalpaBIEHHOCTH W YBEIHMUEHHIO OOKOBOTO
W3ITy4YeHUs, HO ¥ TIOJTHOCTRIO “pa3pyIINTh HAIIPABIICH-
HBIE XapaKTEepUCTHKN aHTEHHOH pereTku. st uio-
CTpalliy BJIMSHUS B3aWMHBIX CBS3eH B KOAKCHANb-
HO-LIIEJIEBOM PELIETKE HA PUC. 5 MPEICTABICHBI 3aBU-
CHMOCTH |Sz|2 =f(\) (xkpuBbie 1 u 1" Ha puc. 5, a)
" |S“| = f(A) (xpuBbie 2 u 2" Ha pHC. 5, ), AMILTATYI-
HBbIe U (pa3oBbIe pacnpeeeHus], a TAKKE JHArPAMMBI
HAIIPaBJICHHOCTH, PACCUUTAHHBIE C YUYETOM BCEX BU-
JIOB B3auMojieiicTBus (kpuBbie 1-3) u Oe3 yuera BHe-
IIHUX B3aWMHBIX CBSI3el MEXIy U3ITydaTesiMH (KpH-
Boie 1'—3"). Homepa 1(1')-3(3") Ha puc. 5, 6, 6, 2
COOTBETCBTYIOT JyiiiHaM BoJiH A, =100, 130, u 150 mm.
[TapameTtpbl HccaenyeMbIX aHTEHH ObIIM CIIELYIOIIHE:
[=60 MM, d=3 MM, D =65 mm (dunep 1).
W3 puc. 5, 2 BuaHO, uto nipu A =100 MM auarpamma
HanpaBJIeHHOCTH MMeNa O0BIYHYIO (POPMY C HECKOIIBKO
YBEJINYECHHBIMH YPOBHSIMH OOKOBBIX JICTIECTKOB (KPH-
Basi 1). Ho nmpu yBennveHun IUIMHBI BOMHBI (popma
JMarpaMMbl HAIIPAaBICHHOCTH YXYALIAlach U B UTOTE
mpu A =130 MM OKa3anach HEIPUTOAHOM IS TPAKTH-
YeCKOro UCHOJBb30BaHMs (PHC. 5, 2, KpHBast 2): ypOBEHb
OOKOBBIX JIENIECTKOB &g > 0.5, HmMpuHA AuarpaMmbl
HalpasJIeHHOCTHU N0 ypoBHo 0.707 yBenmuuiace B He-
CKOJIBKO pa3 10 OTHOIIEHHIO K BEJIUYHMHE, OTIpeaese-
Moit o dopmyne AB ~L/(ND,). Ilpu manpHeiinem
YBEIUYEHUH JJIVHBI BOJIHBI, HAIPUMED IIpU A =150 MM,
(bopma auarpaMMbl HalPaBIEHHOCTH HECKOJIBKO YITyd-
mmnack (puc. 5, e, kpusas 3).

DONeKTpOANHAMUYECKUE XapaKTEPUCTHKH, pac-
CuMTaHHble 0€3 ydeTa B3aUMHON CBS3U MEXIY H3-
JydaTeisiMi 10 BHEIIHEMY MPOCTPaHCTBY (KpH-
Bole 1'—3'), CyIIECTBEHHO OTIMYAIOTCS OT aHAJIO-

7
1 "
0.5
) 1 0 T = | T
75 100 125 A, MM -90 -60 =30 0 0,°
a o

Puc. 4. SHepreTHYECKUE XapaKTEPUCTUKY (@) U AUarpaMMbl HAIIPaBJICHHOCTH (0) PELIETKH U3 AJMHHBIX LeJIeH, BHINOJHEHHOH Ha

¢bunepe 1, [ =0.8L =60 mm
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Puc. 5. DHepreTnuecKue XapakTepUCTUKY (@), aMIUTUTYHbIE (6) ¥ (pa3oBbIe (6) pactipenieNIeHHs U THarpaMMbl HAITPaBJISHHOCTH (2)
IeIIeBOI aHTEHHBI, BBIIOTHEHHON Ha unepe 1, ¢ [ =0.8L =60 MM, D, =65 MM

THYHBIX XaPaKTEPUCTUK, PACCUUTAHHBIX C YUETOM
B3aUMHOU CBsi3H (KpuBbie 1-3). OcoOOEHHO 3aMETHO
oTnuyaercss ¢popma AMarpaMMbl HampaBlIEHHOCTH
npu A =130 mm (puc. 5, 2, kpuBbie 2 1 2'). AMILIH-
TYZIHBIE paclpelesieHHs, pacCUMTaHHbIe 0e3 ydera
BHEIIIHEH B3aMMHOM CBSA3H, OCTAIOTCS CHIIBHO CIa-
JAIOIIMMHE, HO OoJiee TaJKUMHU U HE UMEIOT OCIIHJI-
nsui (puc. 5, 0).

PaccmotpuM pemieTky IyroBbIX ILIeied, pacro-
JoxeHHBIX B ¢uaepe 2. Vcmonp3oBaHUEe Takoro
¢dunepa cornacHo (9) MO3BOINIO YMEHBIIUTE IOTOH-
HOe 3aTyxaHue B kabese B 1.7 pa3a 1mo cpaBHEHHUIO
c 3aryxaHueM B punepe 1 u, caenoBaTesbHO, TOBBI-
CHUTB KOO (PUIIMEHT YCUIICHUS aHTCHHBI. YBEJIMUECHHUE
JUaMeTpa BHEIIHEro MPOBOJHHMKA KOAKCHAJBHOM
JIVHUY JTae€T BO3MOXKHOCTh U3MEHSITh JJTUHBI JyTO-
BBbIX Ienieil B Oojiee MIMPOKUX INpelesax M TaKUM
00pa3oM ynpasisTh AUAa30HOM PabOUUX JAJIMH BOJIH
AHTEHHOU PELIETKH.

Ha puc. 6-8 npexncTtaBiieHbl XapaKTepUCTUKHU
LIEJIEBBIX PEIIETOK, PACIIOIOKEHHBIX B SKpaHe KOaK-
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cuanbHOrO Qunepa 2. Buytpennuii oo0beM dunepa
3AI0JIHEH JUDJIEKTPUKOM C ¢ =1.23, Buemnmii —
¢‘ =1. [llupuna mieneit paBusuiach d =6 mMMm. OHK
pacrnosiaraauch Ha pacctossHud D, =80 MM Jpyr oT
npyra. KonudecTBo uzmydareneil B paccMaTpuBae-
MBIX pelleTKax BhIOMpanoch paBHbIM N = 20.

Ha puc. 6, a npeacraBieHbl 3aBUCUMOCTH KO-
(DUIMEHTOB H3ITyYeHHS |Sz|2 (xpuBas 1), orpaxe-
HUsA |S11| (xpuBas 2) ¥ IPOXOXKAECHUS |S12| (xpuBast 3)
OT JAJIMHBI BOJIHBI Ui PELIETKH OJMHAKOBBIX IIIe-
neit ¢ [=0.5L =65 mm. AMmutynssie U ¢a3oBble
pacrmpeneneHus 1 AuarpaMMbl HalTPaBICHHOCTH pe-
MIeTKH s JUTHH BoJH A =130, 140, 150 1 160 MM
(xpuBble 1-4) mpexncraBneHsl Ha puc. 6, 0, 6 U 2.
OTmeTHnM, 4TO pe3koe CHWXKeHue koddduumenra
U3IYYeHUs P AJTUHE BOJHBI A =97 MM (puc. 6, a,
KpuBast 1) COOTBETCTBYET BO3HUKHOBEHHIO B KOAK-
CHaNbHOW JTMHUY BOoaHbI /,. U3 puc. 6, a BunHO,

2
YTO AMAIA30H JJIUH BOJH, IPH KOTOPOM |Sz| >0.9,

|S”|£0.25, cocraBnsier 27 %, a pabouas JivMHa
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Puc. 6. DHepreTudecKue XapaKTEPUCTUKH (@), aMILTUTYIHBIE (6) 1 (ha30BbIe (6) pacnpeieNieHHs U IMarpaMMbl HAPaBJICHHOCTH (2)

1IIeJIeBOI aHTEHHBI, BHITOJIHEHHOH Ha unepe 2, [ = 0.5L = 65 mm

BOJIHBI YBEJIMUUBACTCSI B CPABHEHUH C MPEIBITYIIH-
MU CITy4YasMHU.

B mmanazonme A =130+170 MM aMIUTUTyOZHBIE
pacmpeneneHusl HOCAT CIafarolIduil XapakTep, Kak
BHJTHO U3 puC. 6, 6. 3neck u nanee (a3oBbie pac-
TIpeIeJIeHUsT BOCCTAHOBJICHBI IS JIyYIIEeH HarsiI-
HOCTH U BUAHO, YTO OHH OTIIMYAIOTCS OT JTMHEHHBIX
(puc. 6, 6, kpuBsie 1—4). Takoe noBeneHUE aMILIH-
TYAHBIX U ()a30BBIX paclpeesieHUi B IeIeBoil pe-
HIETKE IPUBOAUT K CYIIECTBEHHBIM UCKaKEHHSIM TTPO-
CTPAHCTBEHHBIX XapaKTEPUCTUK aHTECHHBI, KaK U
B ClIy4ae, peAcTaBiIeHHOM Ha puc. 5. Ha puc. 6, 2
MPHUBEJICHBI IUarpaMMbl HAITPABIICHHOCTH PEIIETKH
JUTSL yKa3aHHBIX JUTMH BOJIH. BumHo, yro mpu A =130,
150 u 160 mm (xpuBsie 1, 3, 4) ypoBHU OOKO-
BBIX JIETIECTKOB JMarpamMM HalpaBlIeHHOCTEH He-
JIOTYCTUMO BEJNHKH, a ipu A =140 mm (kpuBas 2)
MPOUCXOANT “pa3zpyllIeHUe” qTuarpaMMbl HalpaBJIeH-
HOCTH aHTE€HHOM pelleTKN aHATIOTUYHO CITyYaro, pe-
CTaBJICHHOMY Ha puc. 5, 2 (kpuBas 2). Takue usme-
HeHHs POpPMBI IUarpaMMbl HalpaBJIeHHOCTH 00YCIIOB-
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JICHbI CUJIbHBIM BSaHMOILCP'ICTBHCM MCXKAYy H3JIy4da-
TESISIMU B IIICJICBOf/i PEUICTKE, KOTOPOE MPUBOAUT
K COOTBETCTBYIOIIUM HCKaKeHUSIM B ADP aHTeHHBI.

Takum 00pa3oM, MpH JAOCTATOYHO BHICOKOM KO-
a¢puUIMEHTE U3JTYYCHUS B TAKOW IIEJIEBOM crCcTEME
HUMEEM HECMNPUTOOHBIC IJIA IMPAKTHYCCKOI'O MCIIOJIb-
30BaHUs NPOCTPAHCTBEHHBIE XAPAKTEPUCTHKH pe-
meTk. i yiaydineHus HampaBICHHBIX CBOWCTB
aHTEeHHBI Ipeznaraercs ynpasisiTe AP mytem
VM3MEHEHUS JIUTHH IIeJieH, T. €. MCIIONb30BaTh peIIeT-
Ky C pa3iuyHbIMH JJIMHAMU U3JTy4yaTeseH.

Ha puc. 7 npencraBiieHbl XapaKTEPUCTHKH LIeTIe-
BOU PELIETKH, B KOTOPOU JUIMHBI U3JTy4daTesaei Helu-
HEWHO YBCIUWYNBAKOTCA BAOJIb CUCTEMBI OT KOPOT-
kot ([, =0.3L) no mmunnoit (/,, =0.75L). Ilpu Ta-
KOM BBIOOpE UIMH W3Jlydareiedl Auana3oH IHH
BOJIH, IIPH KOTOPOM |S2|2 > 0.9 Bospacraer 10 45 %
(puc. 7, a, xpuBas 1). [Ipu sTom 3HaueHHE KOdDDH-
LOUEHTa OTPaKEeHUs |Sn| He mpeBbimaeT 0.2, a B
Oouplieil yacTu Auana3oHa oHO Jaxe menbie 0.1
(puc. 7, a, xpuBas 2). Kpussie 1-4 Ha puc. 7, 6, 6

305



B. A. Kampuu, B. A. JIswyenxo, H. B. Medseoes

IS5’y Sy ISt

0.8
0.6 1-
0.4

0.2

LN
vad

90 115 140 165 A, MM

v,

2160

1440 1

720

|Fe|

c

0
-90

Puc. 7. DHEpreTHUECKIE XapaKTePUCTHKH (@), aMILTUTYIHBIE (6) ¥ pa30BbIe (6) pacHpeeNieHHs U TUarpaMMbl HAIIpaBJICHHOCTH (2)
HEOJIHOPO/IHOI 111e/IeBOM aHTEHHBI, BHINTOJIHEHHOH Ha unepe 2,¢ / =0.3L+0.75L

U 2 TaK Xe, Kak U B MNPEAbIAYIIEM Cliydae, COOT-
BEeTCTBYIOT mymmHaMm BoH A =130, 140, 150 1 160 mm.
BumHo, 9T0 B yKa3aHHOM JTHaIia30He [UTHH BOJTH aMILTH-
TY[HBIE PACTIPEICIICHNS CIIA/IAI0T K KpasiM (puc. 7, 6).
[IpudeM ¢ pocToM UTMHBEI BOJIHBI OHH CTAHOBSITCS
Oonee paBHOMepHBIMU. M3 puc. 7, ¢ BUTHO TaKxke,
41O (ha30BBIC MCKAKEHHS C POCTOM JJTUHBI BOJHBI
YMEHBIIAKTCS, (ha30BhIC PACTIPE/ICIICHUSI CTAHOBSIT-
cs OMu3KkuMU K JuHEHHBbIM. Kak cliefcTBue Takoro
MOBEJCHMSI PACIPE/ICIICHUS T0JII B PAacCKPhIBE aH-
TEHHBI, JUarpaMMbl HAIIPABJICHHOCTH 3TOW CHCTE-
MBI IMEIOT YETKO CPOPMHUPOBAHHBIN [TIABHBIN JIy4 U
yPOBEHb OOKOBBIX JIenecTKoB &g < 0.15 (puc. 7, 2,
KpuBBIC 2—4).

J1st IpOTSHKEHHBIX HM3IyYaromux kabeieu, co-
nepkammux OONbIIoe KOJWYECTBO H3IIydaTelei,
B psjie 3a7ad Ba)KHOM XapaKTEPUCTUKOW SIBISETCS
paBHOMEPHOE aMILIUTYJHOE pacIpejeieHue IMo-
7 BAOJb ILIENEBOM cucTeMbl. PaBHOMepHOE BO3-
Oy>JeHre OOJIBIIIOTO0 KOJMYECTBA IICICBBIX W3-
Jy4aTesied BO3MOXKHO OCYIIECTBUTH B CIIydae CpaB-
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HUTEIFHO HU3KHUX KO3 PUIIMEHTOB BO30YKIACHUS OT-
JeJbHBIX IENeBBIX 371eMeHTOB. CieqoBaTenbHO,
aHTEHHAs pelleTKa He J0JDKHA paboTaTth B pes3o-
HAHCHOW 00NacTW OTAENBHBIX H3JIydaresieu, T. €.
B ATOM ClIydae LeJ1ecO00pa3HO HCIOJIb30BaTh KO-
POTKHE LIETH.

Paccmorpum pemerky u3 N =20 KOPOTKHX Ie-
Jiel B KOAKCHAJIbHOW JIMHUM C MaJIOM HEPETYsIPHOC-
ThIO UX JUIMH. Ha puc. 8, a npencraBieHs! 3aBUCUMO-
s

> |91
LIETKH C OTHOCUTEJILHBIMH JTMHAMHU IIEJIEH, MEHSIO-
ummucs ot //L=0.3 no I/L=0.35. Ha puc. 8, 6,
6, 2 IPEACTABIEHbl aMIUINTYIHbIE U (a30Bble pac-
npenesieHus U JuarpaMMbl HAIPaBJIEHHOCTH IS
ATOTO Ciyuas npu jymHax BoaH A =110, 120 u
130 mm (xpussie 1-3). U3 puc. 8, @ BunHO, 9TO
PE30HAHCHBIE JUIMHBI OTIEJIBHBIX M3JIydaTelieil Ha-
xogsaTcess B okpectHocTH A =100 mMMm. C poctom
JUTMHBI BOJTHBI CHIKAETCSI KOOQQHUINEHT U3ITyUYeHHS
(xpuBas 1) u Bo3pactaeT KO3PPHUIMEHT TPOXOKIEC-
Hus (KpHBas 3) Ipy HEM3MEHHO HU3KOM KOA(PHIIHEeH-

b

CTH |Sz S12|= f(A) (xpusble 1-3) mis pe-
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Puc. 8. DHEpreTHUECKUE XapaKTEPUCTUKH (@), aMILTUTYIHBIE (6) 1 (pa30BbIe (6) pacnpeiesleHus 1 InarpaMMbl HalpaBJICHHOCTH (2)
HEOIHOPOIHOM IIeIeBON aHTEHHBI, BBITOTHEHHO# Ha punepe 2,¢ [ =0.3L +0.35L

Te oTpakeHus (KpuBas 2). B cBoto odepens aMIniu-
TY/BI TIOJISL B KQXIOHW mienu cHmKaroTcs. [Ipu aTom
(hopMa aMIUTUTYTHOTO pactpeeNIeH s BIOJIb aHTEH-
HOM CHCTEMBI COXpaHsIeTCs OIM3KOH K TOCTOSHHOM.
Takum oOpa3om, ImyTeM BBIOOpA JITUH U3Tydareneit
MOKHO CO3/1aTh IIeJIeBbIe CUCTEMBI C OOIBIITNM KO-
JIMYECTBOM H3IYYAIOMINX INeNell W aMIUTHTYIHBIM
pacmnpeeneHieM BIONb aHTEHHBI, OJMM3KUM K TI0-
CTOSTHHOMY.

[IpencraBisercss MHTEPECHBIM TAKXE PacCMOT-
PETh ANEKTPOIUHAMHYUECKHIE XaPaKTSPUCTUKU KOAK-
CUAITLHO-IIIEJICBBIX AHTCHH IPH PA3INYHBIX 3HAYCHHUSIX
OTHOCHUTEINTLHBIX TUAJIEKTPUICSCKUX IPOHUIIAEMOCTEH
TUDIIEKTPHUKOB, 3aTOTHSIOIINX 00beM BHYTPU U BHE
KOaKCHaIbHBIX JHUN. Ha puc. 9 mpemcraBieHb
pe3YIIBTaThl UCCIIEIOBAHNI MHOTOIEMEHTHBIX aHTCHH
CO cIeyromMe apameTpam: [ =37.7 MM, d =3 Mm,
N=20, D._=40 mm, & =123, & =2 (pumep 1).
Ha puc. 9, a npeacraBineHsl 3aBUCUMOCTH |Sz|2 =
f(\) (kpuBas 1) u |Sll|=f(k) (xpuBas 2). Ilpu
JUTHE BOJIHBI A =89 MM HaOIIIOIAeTCs PE3KOe BO3-
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pacranue Ko3(pQPUUHEHTa OTPAKECHHUS U 3HAYH-
TENbHOE yMEHbIIeHUE KO3()(UIIMEeHTa H3ITydeHHs.
Takve U3MeHEHUs1 B 3aBUCHMOCTSIX |Sz|2 =f(A) u
|Sl 1| = f'(A) cOOTBETCTBYIOT CHH(]AZHOMY CIOKCHHUIO
OTPa)KEHHBIX BOJIH OT BCEX LIeNei.

B o6mactu nqnus BoaH ot 50 no 95 MM nuarpam-
Ma HallpaBICHHOCTU OKAa3bIBAE€TCS IBYXJIy4eBOU
(puc. 9, &, kpuBble 1—4 COOTBETCTBYIOT IJTMHAM BOJH
A =60, 70, 80 u 90 Mm), mpuyeM OIWH Jy4 HU3Me-
HSIET MOJIOKEHNE MAKCUMATLHOTO M3y YCHHS MTPH U3~
MEHEHUH A, a HallpaBJIeHHUE MaKCUMyMa U3JIy4eHHs
BTOPOI'O JIyda OPHEHTUPOBAHO CTPOrO HOA YIJIOM

sin (0) = /&' / ‘. Tlpu BO3pacTaHW| JJIMHbI BOJIHBI OT
A=100 MM go A =130 MM amarpamMma Hampas-
JICHHOCTH CTAaHOBUTCS OJHOJIY4eBOH (pHC. 9, 0, KpU-
Bble 1—3 COOTBETCTBYIOT AITMHAM BOJIH A =120, 125,
u 130 MM) OTKIOHEHHOW OT HOpMAalM Ha yTOJ

sin(0) = /¢’ / €°. AMIUIUTY/HBIC pacpe/IeIeHHs IS
9TUX CIIy4aeB NPEJICTABICHBI HA puUc. 9, 6 U 6 cOOT-
BETCTBEHHO.
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Puc. 9. DHepreTUUeCKUe XapaKTEPUCTUKY (a), aMILTUTYHBIE pactipeeneHus (0, 6) U AuarpaMMbl HAMPABICHHOCTH (2, 0) IIeJIeBOM
pCELIETKH, BBIOIHEHHOI Ha puaepe 1, nznyyaromieii B Marepuainbhyo cpeny, [ =0.5L =37.7 mm

4. 3akmoueHue

3amaua BO30YKACHUS U U3IYYCHUS AJICKTPOMArHUT-
HBIX BOJIH CUCTEMOU IIENEBBIX U3Ty4yaTele B IK-
paHe KOaKCHalbHOW JIMHUM ObLJa pellieHa METOJ0M
M/JC nns nmro0bsIx mapaMeTpoB (uaepa U y3KUX
menei. beino Haiimeno A®P B anTeHHe, YTO MMO3BO-
JIUITO UCCIEN0BaTh KO3 PHUIIMEHTH! H3IMyIEeHUS U OT-
paXeHHUs, a TaK)Ke HalpaBJICHHbIE XapaKTEPUCTUKN
KOaKCHAJIbHO-11I€JIEBOM PEIIETKH.
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W3Mensist JyIMHBI 1IEJIEBBIX HU3JIy4yarenend B Koak-
CHaNbHO-IIENIEBON aHTEHHE, a UMEHHO CO37aBas
FEOMETPUUECKH HEOIHOPOIHYIO PELIETKY, MOXKHO
ypaBisaTh ADP aHTEHHBI, YTO MO3BOJISET YAYUIIUTh
IUarpaMMy HalpaBJICHHOCTH, PACITUPHUTH pabodmii
JTATIa30H JUTHH BOJTH, TIOBBICUTH KO3(PPHUIIMEHT U3ITY-
YEHUS U CHU3UTH KOY(PPHUITUEHT OTpaskeHIS, YBEITH-
YUTh KOA(HUIUEHT HATPABIEHHOTO NIEHCTBUS U, B
KOHEYHOM HTOTe, YBEIUYUTh KOP(DOUIIMEHT yCcuiie-
HUS KOAKCHAJTbHO-TIEIEBON aHTEHHBI.
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BaxxubIM (hakTOpOoM TpH H3yIEHUH KOAKCHATHHO-
LIEJIEBOM AHTEHHBI SIBJISIETCS B3aUMHOE BIIMSIHUE
H3JlydaTeled Apyr Ha Opyra B LIEJIEBOM pEILIETKE.
Hannure cymecTBEHHBIX B3aMMHBIX CBSI3€H IpH-
BOIUT K UcKaxeHUsM B ADP aHTeHHBI U, cle-
JIOBaTEIbHO, K yXyAUIEHUIO (OPMBI JAHarpamMMbl
HaIPaBJICHHOCTH MHOTO’JIEMEHTHOM WIENEBON pe-
UIETKHU, BIUIOTH 10 MOJHOW MOTEpPU HaIpaBJICH-
HBIX cBoOMCTB. TakuMm 00pa3oMm, B3aUMOJCHCTBUE
MCXKAY U3TydyaTeIsiMnu HCO6XOZII/IMO YUUTBIBATh IIPU
WCCIIEIOBAHUN XaPaKTEPUCTHK KOAKCHAJIbHO-IIIENe-
BOW aHTEHHBI.

B cityuae uznyueHusi KoakcuajabHO-IIEIeBOM aH-
TEHHBI B Cpeny C OONBIIECH TUAIIEKTPUIECKON TIPO-
HHLIAEMOCTBIO, YEM IPOHULIAEMOCTh JAMDJIEKTPHUKA,
3aronHAIero (huaep, HadbIomaaeTcs YacTOTHO He-

3aBHCHUMOE M3JIydeHHe Mo yriaoM sin(0) = /¢’ / g°.
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4, Svobody Sq., Kharkiv, 61022, Ukraine

MULTIELEMENT SYSTEMS OF ARC SLOTS
IN A COAXIAL LINE SCREEN

Purpose: Studying the electrodynamic characteristics of the co-
axial-slot antennas and the ways of their control by the feeder
and radiators geometrical parameters change.
Design/methodology/approach: The problem of electromag-
netic wave excitation and radiation by the arc slot system
in infinitely thin and perfectly conducting shield of coaxial line
is solved by the magnetomotive forces method with the follo-
wing multiparameter numerical model of multielement antenna
array creation.

Findings: The influence of feeder and radiators geometrical
parameters on the energy and spatial characteristics of a coaxial-
slot antenna is shown. The influence of interactions between
the slot radiators on the radiation and reflection coefficients
and directivity characteristics of multiclement antenna array
is also studied. The spatial peculiarities of electromagnetic wa-
ve radiation into the medium different from the air one are con-
sidered.

Conclusions: The researches of the multielement coaxial-slot
antenna electrodynamic characteristics have shown the possi-
bility for their essential improvement by the creation of nonuni-
form antenna arrays of the arc slots of different lengths. The
necessity of accounting for the mutual interconnections between
radiators in a coaxial-slot array is emphasized.

Key words: coaxial line, arc slot, directivity pattern, amplitude
and phase distribution, radiation coefficient, reflection coeffi-
cient, interconnection
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XapKiBChKHI HALlIOHATTBHAH YHIBEPCUTET
imeni B. H. Kapazina,
M. CBoOomy, 4, M. XapkiB, 61022, Ykpaina

BATATOEJIEMEHTHI CUCTEMU AYT'OBUX LIIJINH
V EKPAHI KOAKCIAJIBHOT JITHIT

IIpeomem i mema pobomu: JJoCHiIKYIOTHCS €IEKTPOANHAMIYHI
XapaKTEePUCTHKH KOAKCiaJdbHO-IIIIMHHUX aHTEH Ta CIIOCOOU
KEepyBaHHS HUMH IIUIIXOM 3MiHM T'€OMETPUYHUX IapaMeTpiB
(inepa Ta BUIIPOMIHIOBAYIB.

Memoou ma memoodonoezis: 3anada 30ymKeHHS | BATIPOMIHIO-
BaHHs CJICKTPOMATHITHUX XBUJIb CHCTEMOIO AYTOBHX LIUIHH
y HECKIHUEHHO TOHKOMY ¥ i/1eaIbHO IPOBiTHOMY €KpaHi KOaK-
ciaJbHOI JIiHIT pO3B’SI3y€THCS METOJIOM HaBEIEHWX MarHiTO-
PYLIIHUX CHUIJI i3 TOATIBLIIMM CTBOPEHHSIM OararorapaMeTpuy-
HOI YMCIIOBOT MOJIETi OaraToeJIeMeHTHOT aHTEHHOT PETITiTKH.
Pesynomamu: Iloka3zaHo BIUIUB Ha €HEPreTHYHI Ta IPOCTOPOBI
XapaKTEePUCTHKH KOAKCialbHO-IIITMHHOT aHTEHU T€OMETPHUY-
HUX pO3MipiB dimepy i BUpominroBadis. JJocimKeHO BILINB
B3a€MOIi1 MK IIUTHHHAMH BHITPOMiHIOBaYaMH Ha KOe(iIli€eHTH
BiIOUTTS Ta BUIIPOMIHFOBaHHSI, & TAKOXK HA XapaKTEPUCTHKH CIIPsi-
MOBAHOCTI 0aratoeieMeHTHOI aHTeHHOI periTku. [TokazaHo mpo-
CTOPOBi OCOOJIMBOCTI BUTIPOMIHIOBAHHS Y CEpey, BIIMIHHY BiJT
MIOBITPSIHOI.

Bucnosox: BUKOHaHI JOCIIKSHHS SISKTPOIUHAMIYHHX XapaK-
TEPUCTUK 0araToeNeMEeHTHUX KOAKCialIbHO-IIIITMHHUX aHTEeH
MOKa3aJI MOXKJIMBICTh X iCTOTHOTO BJJOCKOHAJICHHS IIIIXOM
CTBOPEHHS HEOJAHOPITHUX aHTEHHHUX PEILiTOK AYTOBUX LIITHH
pizaux noBxuH. [ligkpecaroeTbess HEOOXITHICTD ypaxyBaHHS
B3a€MHHX 3B’S3KiB MiX BHIIPOMIHIOBauaMH B KOaKCiaJbHO-
LIUTMHHIN CHCTeMI.

Knrouosi cnoga: koakcialbHa JiHisI, TyroBa MITHHA, Jiarpama
CHPSIMOBAHOCTI, aMILTITYAHO-(a30BUH pO3MOil, KoedimieHT
BUIIPOMIHIOBaHHS, KOS(ILIEHT BIIOUTTSI, B3a€EMHI 3B’ SI3KH
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